INTRODUCTION
The development of antibody-producing plasma cells is a discontinuous process that can be divided conThis work was presented in part at the Central Society for Clinical Research, 4 November 1972.
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Received for publication 2 Marc/h 1973 and in revised formi 25 July, 1973. veniently into two stages (1) . The first stage involves the primary differentiation of stem cells to immunocompetent B lymphocytes, without requirement for exogenous antigenic stimulation. This thymus-independent population of lymphoid cells constitutes about 20-30% of the circulating lymphocytes in man (reviewed in reference 2). B lymphocytes can be identified by the presence of membrane-bound immunoglobulins in high density (3) (4) (5) (6) (7) (8) ; these are the receptors through which antigens are recognized (9) (10) (11) . The union of antigen and surface antibody triggers second-stage events which include B-lymphocyte proliferation and terminal differentiation into-antibody-secreting plasma cells. Study of this cell population in patients with deficiencies in circulating immunoglobulins has suggested that several different defects in differentiation may con- tribute to failure of plasma cell maturation and antibody deficiency. B lymphocytes are very deficient or absent in most boys with X-linked agammaglobulinemia (2, (12) (13) (14) (15) (16) (17) (18) (19) (20) (21) . Other patients, both males and females, with an equivalent deficiency in all of the circulating immunoglobulins may have normal percentages of circulating B lymphocytes (2, 12, (15) (16) (17) (18) (19) (20) (21) . Normal B-lymphocyte distribution has also been found in patients selectively deficient in IgG and IgA (2, 18, 22) and in most patients with isolated deficiency of IgA, regardless of whether this abnormality is familial or associated with environmental insults (13, (18) (19) (20) (23) (24) (25) (26) .
Pokeweed mitogen (PWM),' an extract of Phytolacca americana, reacts with nonimmunoglobulin surface determinants of T and B lymphocytes (27) . Its reaction with B lymphocytes induces blast transformation, cell division, and terminal plasma cellular differentiation with immunoglobulin synthesis (28) (29) (30) (31) (32) (33) (34) (35) (36) (37) (38) . In previous experiments we found that PWM stimulated peripheral blood lymphocytes from normal individuals to differentiate into cells containing easily detectable cytoplas-'Abbreviations used in this paper: PWM, pokeweed mitogen; X-LA, X-linked agammaglobulinemia. (38) .
The present report expands the numbers of individuals investigated and the variety of defects in B-lvmphocyte differentiation studied by PWM induction of terminal B-cell differentiation in short-term cultures. (12) . thesis and immunofluorescence studies were performed as previously described (38 (39) . Triplicate or quadruplicate cultures were pooled for cytoplasmic immunofluorescence study and processed as previously described (38) .
In vitro biosynthesis of immunoglobulin. 10-20 X 10. In some experiments the proportions of newly synthesized immunoglobulins within the cells and in the culture supernate were determined independently by removing the supernate before freezing and thawing the cells. Fresh peripheral blood lymphocytes from six normal subjects were fixed and stained for cytoplasmic immunoglobulins. The frequency of cells stained for each major immunoglobulin class was less than 1 per 1,000.
RESULTS

Induction
Lymphocytes cultured in the absence of PWM had a similar low frequency of immunoglobulin-containing cells. PWM induced a large increase in the incidence of cells containing cytoplasmic immunoglobulin. In 32 cultures from 27 normal individuals, the median frequency of fluorescent cells was 2.3% for IgM, 1.6% for IgG, and 1.7% for IgA (Table I) . Typical morphology of stained cells is illustrated in Fig. 1 The two culture techniques resulted in a similar frequency of immunoglobulin-containing cells when normal lymphocytes were studied. However, the microplate technique offered considerable savings in time and may have provided better conditions for culture of lymphocytes from some patients (discussed below).
To confirm the usefulness of the direct fluorescent assay in measuring induction of immunoglobulin synthesis by PWMI, we studied immunoglobulin biosynthesis by the classical method of [14C]amino acid incorporation and compared the results. As shown in Table II and Fig. 2 , fluid from PWM-stimulated cultures consistently produced more intensely labeled specific precipitin lines for each immunoglobulin class than did control fluids. With some exceptions (e.g., MI. W., Table II ) the intensity of labeling on the autoradiographs correlated roughly with the numbers of fluorescent cells in companion cultures. In four cultures from normal subjects the relative distribution of newly synthesized immunoglobulins in culture supernate and cell sap was compared (Table IV) . The results indicated that the bulk of immunoglobulin synthesized during an 18 h period was secreted into the surrounding media. In summary, the data on cultured lvmphocvtes from normal individuals indicates that PWMT induces a marked increase il the relative numbers of cells containing cytoplasmic 1gMT, JgG, and TgA. which is associated with an increased rate of synthesis and secretion of immunoglobulins into the extracellular fluid.
Induction of immunoglobulin synthesis in cultures from immunodeficient patients X-linked agammnaglobulinemia. 'We previously reported failure to find immunoglobulin-producing cells in PWMI-stimulated cultures from three boys with Xlinked agammaglobulinemia (38) . This observation was confirmed in one of the patients by the failure of his cultured cells to incorporate ["C]amino acids into immunoglobulin. DNA synthesis induced by PWM stimulation was normal (Table I) .
Agammaglobulinemia with B lymphocytes. Data on these patients are presented in Tables I and IV (Fig.,   3 , Table IV ). In one experiment, lymphocytes from patient J. H. were cultured simultaneously in media supplemented with either autologous or pooled agammaglobulinemic plasma. PWM-stimulated cultures had an equivalent increase in DNA synthesis and a similar frequency of cells containing each class of immunoglobulin.
DISCUSSION In these studies we have compared the differentiation capabilities of peripheral blood lymphocytes from normal individuals with those from patients exhibiting a variety of defects in immunoglobulin synthesis. PWM was used to induce differentiation of B lymphocytes over a 7-day culture interval. Our interpretation of these results is based upon integration of information regarding: (a) in vivo development and distribution of B lymphocytes and plasma cells in normals and immunoglobulin-deficient patients; (b) differences between B lymphocytes and plasma cells in their rates of synthesis, intracellular compartmentalization, and rates of release of immunoglobulins; and (c) characteristics of the B-lymphocyte differentiation induced by PWM under defined conditions of culture.
B lymphocytes outnumber their mature plasma cell progeny in normal peripheral blood by more than 100 to 1. These lymphocytes lack the fine structural characteristics of secretory cells and, by comparison with plasma cells, the amount of immunoglobulin synthesized by B lymphocytes is small. A portion of the immunoglobulin produced is incorporated into the plasma membrane, from which it is released with a half-life of 6 h or less (41) (42) (43) . The distribution of immunoglobulin in B lymphocytes is such that it can be detected by immunofluorescent techniques only on the cell membrane (6) .
Under normal circumstances, antigen-induced differentiation of B lymphocytes is accompanied by welldefined morphologic alterations, including formation of a rich network of polyribosomes along membrane-lined channels which connect to the Golgi apparatus (44 (29-34, 37, 38) (53, 54) . The similarity between this experimental immunologic lesion and that observed in some patients having agammaglobulinemia with B lymphocytes is apparent; both serve to emphasize the dissociability of antigen-induced B-lymphocyte proliferation and the terminal differentiation processes. The parallel between selective IgA deficiency in man and in the model of IgA deficiency observed in thymus-deprived rodents is also worthy of note. In congenitally athymic "nude" mice deficient in both serum and secretory IgA, the numbers of B lymphocytes carrying membrane-bound IgA are at least normal in number (55, 56) . Furthermore, the immunoglobulin deficiencies in such mice are correctable by thymus grafting (57) . Such In conclusion, PWM has proven to be one effective method of analyzing the differentiative capability of B lymphocytes. The information gained from its use in the study of B-cell defects provides a glimpse into another order of complexity of the immunoglobulin deficiency diseases. Continued study of the defective B lymphocytes in such patients may offer greater understanding of the mechanisms of normal differentiation of antibody-producing cells. The observation that some defects of B-cell differentiation may be surmounted in vitro offers the hope of identifying specific metabolic abnormalities which are amendable to in vivo repair.
